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Volume  II  of  this  report  is  a set  of  engineering  guidelines 
for  designing  hybrid  microcircuits. 


t9  Kfy  WORDS  (Continum  on  rmvmran  aidm  il  nmemaamry  anil  Idmnfilv  hv*  block  nxtmhef) 

Beam  lead  bonding  on  thick  film  hybrids. 

Bonding  beam  lead  on  multilayer  thick  film. 
Non-destructive  bond  testing  of  beam-leaded  chips. 


2C  ARS7RAC7  fContInum  on  rmvmfto  a>dm  II  nnemaamry  and  Identify  hy  block  number) 

This  report  is  a study  of  the  bonding  of  beam-leaded  cliips  onto 
several  types  of  hybrid  substrates,  mostly  with  thick  film 
metallization.  Beam  lead  semiconductors  of  various  sizes  were 
bonded  on  monolayer  substrates  as  well  as  multilayer  substrates 
of  increasing  complexity.  Ihe  integrity  of  the  lionding  on  the 
various  types  of  substrates  changes  and  permits  the  author  to  — 


DD  1 J an  TJ  1473  eoitionof  I NOV  as  IS  oosoletf  Une  1 a s s i f i oil 

/ security  CLASSIFI  ATiON  OI  TmIA  nAC.f  J rtia  E nlft r 


/ 


r 

I Unclassi  f ied 

SCCuMi^Y  CL  ASSI  ^IC  ATION  OF  ThiS  P ACEC^Titfn  Dmta  Entmfd) 


20. 

draw  design  rules  for  hybrid  circuits  comprising  beam-leaded 
chips.  Report  describes  a non-destructive  method  to  test 
the  bonds  of  beam-leaded  chips. 


Unc  1 a s s i f i ed 


SFCuPiTy  CLASStriC  A T|Ok  OF  ' m IS  P Ar,F.rW7,*»n  r>«r-  » 


NOTICES 


Disclaimers 

The  findings  in  this  report  are  not  to  bo  construed  as  an 
official  Department  of  the  Army  position,  unless  so  desig- 
nated by  other  authorized  documents. 


Tlie  citation  of  trade  names  and  names  of  manufacturers  in 
this  report  is  not  to  be  construed  as  official  Government 
indorsement  or  approval  of  commercial  products  or  services 
referenced  herein. 


Disposition 

Destroy  this  report  when  it  is  no  longer  needed.  Do  not 
return  it  to  the  originator. 


INTRODUCTION 

SUBSTRATES 

Thin  Film 

Thick  Film,  Monolayer 
Thick  Film,  Multilayer 
Thick  Film  Materials 


Section 

Page 

1 

1 - 1 

1 

1-2 

1 . 1 

J - 3 

1 . 2 

1-4 

1.3 

1-5 

1.4 

1-10 

BONDING  PARAMETERS 

Temperature  of  Bonding  Tool 
Temperature  of  Substrate 
Bonding  Force 
Parameter  Combinations 
Conclusions 

BONDING  TOOLS 

Flat  Bonding  Surfaces 
Convex  Bonding  Surfaces 
Cone lus ions 


2 2-] 

2.1  2-1 

2.2  2 - S 

2.3  2-4 

2.4  2 - b 

2.5  2-12 

3 3 - 1 

3.1  3-1 

3.2  3-3 

3.3  3 - 3 


3-5 


Dimens ions 


3.4 


[ 


DHSTG.N  FOR  HYBRID  MICROGIRCUITS 

TABLH  OR  CONTRNTS  (Gont . ) 


Sect  ion 

I’age 

INSPF.CTION  CRITERIA 

4 

4 - 1 

Present  Industry  Criterin 

4 . 1 

4 - 1 

Program  Activities 

4 . 2 

4-3 

Conclusions 

4 . 3 

4-P 

ROND 

TESTING  (TOTAL  CHIPl 

S.fl 

3 - I 

Environmental  Tests 

S.  1 

3-  I 

Temperature  Soak 

3.1.1 

3-2 

Temperature  Cycling 

3.1.2 

3-2 

Ihermal  Shock 

3.1.3 

3 - 2 

Mechanical  Vibration 

3.1.4 

3-3 

Mechanical  Shock 

3.1.5 

3-4 

Global  Pull  Test 

3 . 2 

3-3 

Set  lip 

3.2-1 

3 () 

Our  Method 

3.2-2 

3-7 

Cone  1 us i ons 

3 . 3 

3-9 

ROND 

TESTING  (INDIVIDUAL  REAMS) 

() 

b-  I 

Alternative  Concepts 

Successful  Individual  Ream  Push  Test 

b.  I 

b-  I 

Fixtures 

(> . 2 

b-2 

INDEPT  on  Thin  Film  Substrates 

(1 . 3 

b - 8 

INDF.PT  on  Thick  Film  Monolayer  Substrates 

b . 4 

b - 9 

INDEPT  on  Thick  Film  Multilayer  Substrates 

b.  3 

b ID 

INDEPT  I'orce  Determination 

('  . b 

I 2 

(Rmic  1 us  i ons 

() . " 

b - I 2 

Suggestions  for  Further  Development 

(' . 8 

b I 2 

DESIGN  GUIDELINES  FOR  HYBRID  MICROCIRGUITS 
TABLE  OF  CONTENTS  (Cont.) 

See  t i on 

DESIGN  GUIDELINES  7 7- 

Design  Rules  with  Thick  Film  Substrates  7.1  7- 


I N 1 R01HH:  i 10\ 


I'ho  ob  i oc  t i vt'  of  t li  i cmi  t rac  t is  to  dofino  dosis;n  rules  for 
liylirid  111  i o roe  i reu  i t ; . little  is  available  in  the  litrratiire  to 
draw  design  iiiles  for  i neo  rpo  ra  t i ng  beam  leadoel  ehiiis  in  hybrids, 
part  ieii  1 ar  1 V thick  I' i 1 m hybrids.  Ihis  conti'act  included,  there- 
I'o  re , a studv  of  the  bontiing  reliabilit\’  of  beam  - 1 i.\ided  ch  i ps  on 
thick  film  suhst rates. 

I'll  r t he  rmo  re , an  attempt  uas  to  be  made  to  f i lul  a non  destructive 
method  to  test  the  bonds  of  beam- leaded  chips. 

In  this  section  of  the  report,  ue  will  review  a study  of  the 
bonding  of  beam- leaded  chips  onto  several  tyiu'S  of  hybrid  sub 
strates,  mostly  with  thick  film  metallization.  Beam  lead  semi 
coiuluctors  of  various  sizes  were  honJed  on  monolayer  suhst rates 
as  well  as  multilayer  substrates  of  inci'easing  complexity.  fhe 
integi'ity  of  the  bonding  on  the  various  types  of  substiate 
provides  a set  of  rules,  do's  and  don ' t ' s , which  have  been 
incorporated  into  the  design  rule  book. 


SI-CllON  I 


SIJBSTK.\T1-;S 


1 1\  o objective  o t t li  i s u o r k is  to  s t lul  t ti  e hoiul  i n >;  le  1 i a li  i 1 i 1 \’ 
ol  beam-  loaded  chips  onto  thick  film  substrates.  \'arious  tvpes 
ol  sul)sti‘ates  were  used  lor  t li  i s study.  Their  overall  conlir,- 
u rat  ion  varied,  but  the  top  layout,  where  the  chips  were  to  be 
bonded,  remained  the  same  for  all  t yjies . All  substrates  were 
1-h  ^ I-h  X . 0 2 ,S  i n.  ( 2 -S . -1  ,\  2,s.l  x ::ni  I . Ti.uure  1.0-1  shows 

an  enlarged  scale  of  the  universal  bonding  pattern  lavout. 


I'igure  1.0  1 ll\  1 \ liRSA  1,  BOXDlMi  I’ATlliUX 

Tach  bonding  location  was  assigned  a number  in  oinler  to  iH'rmit 
specil'ic  identification  of  the  cti  i ps . I'ositions  1.  S,  10  and 
IS  are  bonding  patterns  designed  to  accejit  'Standard  width  beams 
as  well  as  the  wider  beams  to  lie  found  on  power  devices. 


sir  r ION  1 U'ont  . ) SlIBS'l  KA  1 1 S 

Tlu'  l:i\’out  lias:  S po<  i t ions  l or  10  boam  oliips  (11  \ staiul.iial) 

I : . ^ . 1 J , 13.  ID; 

I )H'sitioiis  Tor  31  boam  ohips  ( b 1 A staiuiaiall 
( 3 , 0 , 9 , 1 0 I ; 

3 ]ios  it  ions  I'oi'  30  or  t boam  ohijis  I 1 , 3,  1 

Positions  1,  3 and  11  will  aooommodato  oithor  IJ  boam  oliips  o 
30  boam  ohips.  Tho  dosijtn  oonoopt  (ono  pattorn  aooommoda  t i nr, 
oithor  of  two  ohips)  oan  bo  oxtoiulod  to  inolndo  mori'  than  1 ui' 
ohips.  riio  oonooi’t  is  oxiilainod  in  tho  dosittn  ;.pi  i do  1 i nos  . 

1 . 1 THIN  ni.M 

\ numbor  of  (ilatod  thin  film  suf'stratos  woro  r.onoratod.  (Iioi 
purposo  wa-^  to  sorvo  as  oontrols.  Tho  ooramio  sub-itrato  was 
O'O  . J . 0 X J . 0 X . l'  1 J in.  ( 31' . S x 30 .8  x 0 . 3('  nim  ) 

(AlSi'lap,  ''’’J,  from  3M  tai  rpo  r a t i on  1 . 

P roo  s i lie  stops  woro  as  follows: 

o 

o RP  sinittorinr,  o I'  N'it'i'  (about  3(>0  A thiok,  or 
3 ,x  10’  mm  I 

o 

o R1  sputtorine  of  An  (aliout  JOl'OA  t h i i k or 
J X 10  mm  1 


o 


\pplioation  of  (ihotorosist  (Slii(ilov  I330d,  a posit  ivo  ro^i 


1.1  1 Lon  t . ) 


rillN  l li.M 


o l:\l)osuiH'/'-l<-'vc  U)pmcnt  t)  f photoresist 

o Pattern  plating  | e 1 or  t ro  1 vt  i c ) o l'  pure  \ii  (Sel  Rex 

I’ur-a-tioKl  IJS  solution)  to  a thickness  til'  IShn  in. 

(3.8  Aii:i  1 . 

o St  I' i Piling  of  the  resist 

o Partial  gold  etch,  to  dissolve  onl\’  the  thin  gold 

( whe  re  no  go  1 d ua  s plat  ed I 

o Xichrome  etch,  to  eliminate  \itir  udiere  it  is  not  jirotected 

h y g o 1 d 

K'e  knew  from  former  experience  that  this  process  gi\es  us  gold 
coni.luctors  very  suitable  foi'  t hermoc  omp  re  ss  i on  honding  of  gold 
wires  or  beams. 

Ihese  substrates  were,  therefore,  used  as  calibration  substrates 
for  bond  ipiality,  and  named  Type  (t . 

1.:  IllICK  PlhM,  MOXOl.AVPR 

I he  object  of  tbe  monolayer  thick  film  substrates  was  to  coinpa  re 
with,  as  well  as  to  create  a base  to  comiiare,  the  multilayer  thick 
film.  The  jiattern  of  figure  1.0-1  was  maile  into  a screen  for 
screen  printing,  aiul  tliree  types  of  thick  I’ i 1 m gold  )iaste  were 
screened  onto  9b"  .\1,0_  1 x 1 x .OJ-S  in.  (d.S.t  x J S . 1 x 0.(i3  mm). 


1 - I 


( Cent . 1 


rillCK  I ll.M,  MONOI  AVl-.R 


1 . : 


1 V lie 

I W.iS 

d o n e 

w i t h 

frit 

less  gold 

ri  h i c k F i 1 m Sy  >1  ems  , 

, I'vpc  1(111" 

fyjie 

J was 

d o n e 

w i t h 

1 o w - 

frit  gold 

(TFS,  ly])e  3(H1). 

Type 

w a s 

d o n e 

w i t h 

h i g h 

- f r it  go  1 d 

(TF.S,  ly|)e  3dU9|. 

fine 

add i t i on a 1 

mono  1 

aye  r 

thick  f i 1 m 

t >•  p e w a s g e n e r a t e d 

but  with 

a ditt'erent  process:  low  frit  ^old  pa.-te  (ll'S  AOll  1 was  screened 

uniformly  over  a 1 x 1 in.  (2.54  x 2.54  cm)  solid  stpiare  on 
everv  substrate  of  this  group.  Photoi'esist  was  tlien  ap]:>lie».l 
to  tlie  substrates  ami  the  gold  etched  so  as  to  lca\'e  only  the 
pattern  shown  on  Figure  1.0-1.  This  type  oi  etclied  tliick  I ilm 
substrate  was  designated  fype  4. 

1.5  THICK  FILM,  MULTlL.WhR 

In  order  to  create  a variety  of  multilayer  "situations",  live 
types  of  multilayer  thick  film  substrates  were  generated,  they 
are  numbered  Types  5 tlirougli  9. 

Although,  in  these  test  substrates,  no  electrical  connections 
exist  between  metal  layers,  additional  fii'ing  cxcles  were  intro- 
duced. This  was  done  to  simulate  the  firing  cycles  which  would 
be  done  in  actual  production  to  create  interconnecting  vias. 

Figure  1.3-1  shows  sectional  views  of  all  the  various  substrate 
configurations  and  calls  out  the  artworks  used.  IMgure  1.3-2, 
1.3-3  and  1.3-4  show  tl\e  artworks  that  are  called  out  in 
F i gur e 1.3-1. 


PAJeT  wUMr*6;^ 


tjt'iCeiPTIOM 


Artwork: 

NUMtE-RS 


537l04(i&-|  MP887I0466-I  % 

T^,>^  "^l^^ f n 

887l04fe7-|  Ft',  tlr  5 j Gild  Patter.^  TfS  4007 

GaU  MP887I04  66-I  ! TfS  3o  I I 

- ?,  I M'.  -fr\t  G0I4 [ifl  70C9 

-4.  Lcw^rif  6.0I4  (EUkrJ  P4ntt,.')  PPBS7IO40T- 7 i-Tfiioll 

(PriKt  Sc\i<i 

J (Etck^Pat^f^.lV 


THICK" 

FI  t-M 
ikIk  Type 


887I046T-5 


IIPBBSBE^ 

MPa87l0467-  1 

TFS  30  1 1 

1 m 

mJ^ C"  -? 

ESL  4fc0« 

TFS  3o  II 


o ll 


887104-67  - fc 


88710467-7 


88710467-8 


887104^7-9 


L m mmm  m m m 


MP3  8 7 ( 04  -_MTFS_2_ 

'MPSa7io467 -7;esl  4Tt>« 


8 IT FS  Boo 


MP&a7l04fefe-  I tfS  3o  II 
^MP887i04-&7 -7  .ESC  4t>. 

' -l.X£i  3oo9 

Y -7  ESI 

ItFB  3009 


MP8S7|046fe-l  TFL  3o  M. 
MP887I  0467 

-lol  TFS  3oo9 
-1 

,i.oo  ' 
-7|£S1,  4fe03 
"■7  1 TFS  3009 
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1 i I’ ll  t 


1 Kn- 
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1 . (Tout.) 


miCK  'llll.ri  l.AVliR 


The  vaiious  con  1' i r;i  t i ons  wore  dosi^iu'd  to  cro.itc  .i  molt  i t lulc 
of  re  1 a t i onsii  i ps  betwocMi  tho  bond  i nit  pai.ls  and  otlici  mo  t a 1 I i a t i on 
layers  below.  An  example  of'  such  a relationship  i ' i I 1 ii  - 1 r a t isl 
i n I i itii  re  1 . a - .S  . 


riiture  1..A-.S  Mill.  1' 1 l.AY Idt  THICK  I'll.M  SlIHSTRAl'l 
1.1  THICK  ril.M  MA'TliR  1 \1.S 

IVe  liave  had  three  years  of  e.\[)erience  with  the  material^  cIiosimi 
for  this  stiiily.  Most  are  from  Thick  film  .bwsti'iii''  t’orpoi-at  ion. 
T\’pe  11107  was  usetl  for  the  fritless  _yolil,  ,AI)  1 1 lor  the  low  Ti  it 
)toUl  aiul  .Allot)  for  tlie  hi  frit  yo  1 il  . Manv  can  In'  fired  with  one 
common  furnace  temperature  profile,  thus  savins;  a considerable 
amount  of  t ime.  No.  .Allot)  (the  jtold  conductor)  has  yood  adhe-- imi 
to  the  till"  alumina  substrate  as  well  as  to  the  i;  1 a s s ci'ramic 


1 1 0 


1.1  ( Ton  t . ) 


I'll  1C K 1 ll.M  MATliRIAl.S 


iiiMil.'ition  lavc!'^.  Due  to  its  hii'.li  Rlass  f r i 1 oontont,  it  i not 
roi'ommoiuloil  tor  pads  or  layers  v\tiere  hoiuliiiy  i<  to  In  doin'.  Mu' 
No.  30  11  (low  I fit  jto  1 d eoiuliutor)  has  ycnul  adhesion  on  alumina 
or  e,  1 a s s - e e ra  m i s , whi  lo  ol  leriny  a ytunl  hoiulahil  i t I’oi-  both 
ultr.isonie  \1  hondiny  and  thernioeompress  i on  ,yolil  hondiny. 

Tvpe  lOO"’  is  a no-frit  I’.old  eonduetor  paste.  It  i •>  used  in 
eases  where  no  trit  is  tolerable,  and  has  a small  pereentaye 
ot  t!nO  e>r  similar  oxide,  lor  .ulhesion  to  the  alumina.  It 
requires  a f i r i ny  temperature  1 .3o''\:  higher  than  3000  or  3011. 
fhe  insulatinit  gloss  I.Sl.  U)0S  ('I'B-MJ  is  a jiaste  of  a r('er\st.il 
li'ing  glass-eerainie  , manufaetured  by  I I ee  t ro  Se  i e nee  lahora 
t o r i e s , 1 n e . 

for  these  multi lavers,  the  gold  paste  ehosen  was  IIS  3011  lor 
any  layer  where  bonding  was  to  be  done,  and  IIS  3000  for  the 
intermediate  gold  eonduetor  layers.  fhe  insulator  glass 
between  metal  Mayers  was  l.Sl,  4 008  - C I'B- Md  . I.aeh  insulating, 
layer  was  ilouble  screened  anil  double  fired,  in  order  to 
simulate  aetinil  proiluction  processing.  (In  actual  production, 
such  ilouble  screening  and  1 iring  great  Iv  reiluces  pin  holes  in 
the  insuMitor  material.) 


six:  1 ION  j 


MOM)  INC,  I’ARAMI  IT.RS 


rills  V.  ti;i  p t T (.lesciilH’s  tlie  liondiiu^  pa  r;imc1 1' I's  , tliat  is  t lie- 
conditions  undor  which  tho  wolililo  I'londer  norl'ornis  its  operat  ion 
It  p,  i\os  tho  domain  of  hondint’  parameters  wo  ha\o  exploroti, 
as  well  as  the  ran,t;e  of  parameters  giving  reliable 
bonding. 

The  three  important  parametei's  of  all  t he  rmocomn  res  s i on  bonding 
ope la t i ons  are: 

Temperatui'e  of  the  boiuling  tool. 

Temperature  of  the  substrate. 

Blinding  force. 

J.l  I l.MIM  RA  IlIRl.  Of  111!  HONIIINO  TOOl, 

l’re\ious  experience  has  shown  that  the  interface  temperature 
during  thermocompress  i on  bonding  should  be  at  least  a 1 ,s^\: 


One  of  the  factors  determining  the  interface  temperature  is 
the  timperature  of  the  bonding  tool  (or  quill").  Oenerallv, 
the  temiu'tature  of  the  tool  will  be  chosen  higher  than  the 
interl.ice  temperature,  while  the  temperature  of  the  substrate 
will  be  held  a little  lower,  in  order  to  submit  the  already 
boiuled  chips  and  other  mounted  components  to  as  low  a temper- 
a t u ri-  a s pos  s i b 1 e . 


IIMI'IRMIIKI  or  mi  BONDINC  TOO] 


I Ik'  I'oiulim;  t oi' I ol  t hi.'  ki',S  iiobbli-  lioiuli’i'  i > lu';i!i.'i.l  l'\'  a 

little  eoil  heat(.'i-  \s  rapi)i'i,l  afouiul  t lu'  tool  \i.'rv  ne.ii'  the 
I'linusten  I’arl'iile  or  Titanium  Oarbide  tip.  Ihe  maehine  has  a 
metei'  indieatinp,  t lu'  eiiirent  flouiiii;  thi'ou^h  t lu  heater. 

Ihis  pi'ovetl,  houever,  not  to  lie  a ii'liable  injieaticui  ol  Ihe 

tool  t ('iiipe  ra  t lire  . I'lirinr,  I tu'  bond  i n,';  eiale,  tin-  tool  reaelu"- 

a maximinii  temperature  iiut  bel’ore  eh  ip  piekiip,  but  as  soon  as 
the  suet  ion  ol  air  I ma  i n t a i n i m;  the  ehi])  in  the  tool)  taki-s 

plaee,  the  t eiiipe  ra  t u lU'  of  the  tool  iiiav  drop  b\-  diKb’i',  to  a 

temperature  too  loi\  for  a rel  iabli.'  bond.  It  is  therel'ore 
i 111(10  r t a II  t to  monitor  the  t i.'iii[ie  ra  t ii  re  of  tlu'  bond  i ns;  t I'o  1 
throu'dunit  the  bonding  e\ele.  Ke  did  this  with  the  installation 
i 1 lust  r.i  t eil  on  1'  i (tu  re  J . 1 1 . 
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2. 1 (Cont  . ) 


riAll'liRATlIRi;  Ol-  Till-  HONniNC,  TOOI. 


A Biirnos  I'.n^  i iieo  r i I n l'i-asco|io  (Mark  II  is  aimed  at  t lie  t i |i  of 
the  tool.  its  0.7^’  ]iickup  anrje  insures  that  only  the  tool  tip 
is  viewed  by  the  bolometer.  A direct  reaelout  meter  with  four 
(4l  scales  ,i;ives  the  temperature  of  the  tool  t i ji  at  all  times. 
It  allows  for  easy  atljuslment  of  the  heatei'  current  and  t lu' 
[lickup  vacuum  so  as  to  achieve  the  des  i I'ed  temperature  of  the 
tool  tip  at  the  time  ol'  the  hondiny.  If  such  an  in-^trument  is 
not  available,  then  a Tine  thermocouple  should  he  used,  with 
.001  inch  to  .007  inch  (2.S  to  .SO  Aim)  diameter  wire.  Ibis 
thermocouiil  e shouKl  he  braced  or  spot  welded  to  the  side  ol 
the  hondiny  tool  t i ji . The  temperature  should  then  he  measured 
throuyh  one  conpilete  cycle  ol'  pick  uii  and  hoiuliny  with  actual 
pick-up  of  a die.  \acuum  and  heater  current  could  then  he 
adjusted  to  y i ve  tfie  riylit  fool  temperature  at  hoiuliny. 

For  our  i nves t i ya t i on  , we  varied  the  tool  temperature  between 
and  101^(1  so  as  to  see  in  wliat  interval  re!  iahlc'  hoiuls 
are  ohtaiiu'd. 

7.7  lliMlM  RAl'llRl  OF  SUBSTRATF. 

The  temperature  of  the  sul^strate  is  actual  Iv  the  main  factor 
defininy  the  interface  temperature  at  hondiny,.  It  is  easier 
to  measure  and  control  than  the  tool  temperature  because  the 
substrate  is  mounted  onto  a hot  jilate,  which  has  cartridye 
heaters,  a thermocouple  and  a thermostatic  control. 

The  temperature  of  this  hot  plate  is  held  to  the  indicated 
value  ^ lo‘’o  or  better.  And  the  surtace  temperature 
of  ttu'  substrate  is  only  about  lo‘\'  lower.  This  was 
established  by  a thermocouple  on  the  substrate. 


J.:  u'ont.)  ri  MIMRA  niRI-  01'  SIIBSTKA'll- 

loi'  oiii'  i in  cs  t i t;;i  t i on  , ur  vaiioil  the  substi'.ite  1 einpe  ra  t ii  re 
I'roin  to 

:.,A  BOXDiNT,  ioRc:i: 

The  I'oik!  i lu;  foia-e,  lor  a ilel  i iied  set  ol  tool  aiul  sunstiatr 
temperatures,  ile  tines  tlie  squashout  laetor  ot  the  hoiuled 
beams.  In  the  Kt'i.b  wobb  1 e - boiule  i' . tiie  bond  i ne  I'oree  can 
be  varied  bv  varviiqq  the  tension  of  a spring  on  t oji  ol  the  Inuidin 
head.  It  has  a dial  indicator  with  only  an  arbitrary  scale  and 
must  be  calibrated.  To  do  that,  we  used  a I'illon  compression  yauy 
(11)  lbs  = -i:  \ full  scale),  as  illustrated  on  liyure  J . 1. 
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liiMiri’  i iaimi’ri  s.s;io\  cauci  usi  i)  ro  omibrmi 
Btl.XniNt;  l-ORfb  SCAM 


j . 1 I’AR.\mi:ti;r  comb  i xa 1 1 o,\s 

Ui'  1 list  va  ril'd  tool  t oinpo  ra  t u ro  aiul  prossuro  aooordinyt  to  t ho 
1' i d ot  I'ahlo  J.l  I,  uhilo  koopinr,  t lio  substrato  at  a loii'-tant 
tompi-raturo  o t'  then  measuroil  t lio  losultant  sqiiashout 

I'aotor.  (Squashout  faotor  is  explained  in  Seel  ion  1.) 
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As  ean  he  seen,  the  squashout  I'aetor  does  not  ha\e  a del  inite 
dependenee  upon  the  tool  temperature  (in  the  ran;;e  testi'd).  hut 
is  very  ilepetulent  on  the  foree  appilied. 

All  the  ehiiis  used  Per  this  iprid  were  ]uilled  to  dost  riKt  ion  aiul 
no  bond  I'ailure  (t'ailure  tvpe  P in  Piyure  S . s 11  was  detoited. 
rh  I - indieates  that  the  limits  of  reliable  hondiny  parameters 
were  outside  this  .yrid  and  that,  h\-  taking  our  bond  i ny  parametei 
near  the  m i d»l  1 e ol  the  <;  r i d , we  would  be  Par  (.'nouyh  awa\’  Prom 
the  limits  to  have  reliable  bondiny. 


RI’i:OK  1 I COM  1 ...S 
Vo  1 unu-  1 1 

:.l  u'ont  . ) I’ARAMl.ri  R COMHIXAI  10\S 

We  wanted  to  he  in  tlie  middle'  of  tlie  squasliout 

I'aiiRe,  near  * * * -A’-  = 1 . a a . We  clu^se  the  point;  t o e)  1 

t empe'  ra  t ii re  , a SH , and  : I'ondiiu;  I'oree  100  n.  a s lu' i hr  t Iu' 
r lowest  ( foi'  I- beam  eli  i ps  on  thin  film  suhst  rates).  With 
these  two  ]ia  rame  t e i' s t'ixed,  we  then  waried  tlie  sulisti’ate  tempei 
.iture  hot  ween  1 (UA'v  aiul  We  I'oiind  a deiieiulonee  In-tween 

suhst  rate  temperatuie  and  se|uasliout  faetoi'  as  sliown  in  f'i  j;ure 
I I . 


■inure  J.-l  1 SOllASluniT  IWFOR  VlMtSlIS  SUBS  IRAN  11  Ml'l  RATU  Rl' 


II. out  . I I’ARAMI  ri  R COMBINATiaxS 


TIk-  bonds  from  I'iuuro  1.)  1 kcmt  ttuMi  tosted  with  an  INDlil’T*, 
at  IS  >i  forco.  No  failure  was  observed,  even  with  a sulistrate 
tempei’ature  as  low  as  1()U*^(1.  Ibis  eonl  i nned  the  laet  that  a 

substrate  t empe  laat  u re  of  is  adequate,  while  ^ivin^  us 

the  rivht  amount  o(  squashout  (with  oSO  t.  tool  temperature 
and  41)0  g force  for  4-beam  chips). 

With  4 beam  chijis,  on  thick  film  go  K1  , (low  I'rit,  substi’ati' 
t\'pe  1)  we  ran  the  same  grid  of  tool  temperatui’e  x'ersus  pressure 
as  in  Table  d.l.l.  We  kept  the  substi'ate  tcmperatui'e  at  .S(lo”c 
aiii.1  measured  the  squashout  factor  (see  Table  2.1-2i. 
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l-OR  4-BhAM  Cl  HI'S  ON  THICK  f 1 I.M  Sll  BS'TR  ATI'S 


Here',  again,  there  is  no  clear  dependence  between  squashout  and 
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* INDf.l’T  is  Individual  Non  - Des  t rue  t i ve  Rush  Test  (see  Section  ui 


2.1  (Hon  t . I 


I'AKAMl  1 I'.R  COMBI  NATIONS 


I lie  extieiiio  par.iiiic' t o r s ol  o i t ho  r end  lO  tlio  i;  r i il , howevor,  sliouod 
no  indication  of  unrolialilo  liondin.u-  Tlio  ro  fo  ro , the  saino  co'iil'i 
natiiin  of  parainotoi's  (.SSD^C  tool,  TOO  ^ prossun'l  was  UM'd  lot 
I- beam  ell  i ps  on  thick  t i 1 m as  on  thin  1 i 1 in  . 

Uo  then  coinparod  stpiashout  to  suhstrato  t oiiipo  ra  t ii  ro  toi  tho  t h i k 
film  substrates.  flio  results  are  in  Tifture  2.1  1. 


We  then  performed  destructive  pull  tests.  The  results  shoued 
that  the  substrate  temperature  has  a ilrastic  influence  on  the 
bondiiut  rel  iabil  itv  of  chijis  bonded  on  thick  I ilm.  Ihese 
results  are  sliown  in  Tiitiire  2.  Id.  for  examnle,  at  2(H)'^0  sub- 
strate t empe  ra  1 11  re,  ue  uill  have  betisoen  ,sl)“  and  lUO"  bond  failures 
and  the  force  at  ruiiture  vn  i 1 1 be  about  10  grains. 
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riu'  ii'sults  i 1 1 I ra  t (.'d  on  I'iuiiro  J.l  1 l>  loii  >.;li  t ii<  to  iiK'i'oai- 
the  suhstrato  t cMiijuMa  t ii  lo  to  for  liondinu  on  tliiok  t i 1 in . 

I'or  tlie  lariter  eliips,  wo  kept  the  tool  t onipo  ra  t ii  ro  at  i.'i'  as 

well  as  tiio  suhstiato  t ompo  ra  t u ri'  ol  lor  thin  I i I m and 

a2h'\'  I’or  thick  f i 1 m . hi'  o-^- 1 a h 1 i slioil  the  loiio  to  I'o  apnlioil 
hy  moa  su  I’ i ni;  t lie  squaslunit  vorsu'-  iiros->uro  lor  the  \aiions  t \pos 
of  chi|is;  SCO  I iituro  J.l  >. 

As  a result  of  this  i n I'o  rina  t i on  , wo  adopted  the  I o I I ow  i lU’. 

hondiipo  rorcos: 

for  In  In' am  cliips:  ollU  p,  rams 

tCii'  as  beam  chips:  lUOlt  prams 

for  IJ-hoam  chips:  I 1 00  pr.ims 


* 

measured  less  than  a secoiul  he  Tore  hondinp. . 


SIVi  lON  3 


lUIXniNG  TOOLS 


The  siiapo  of  a Beam  - Load  Bondinj’,  Tool  in  ro  1 a t i onsli  i p with 
the  oil  ip  is  illustrated  on  Figure  3.1-1. 

U]uin  bonding,  t tu'  heated  tool  comes  doun  uith  t lu'  chip  on  the 
pro]ier  location  on  the  substrate,  ant.1  h\'  a pi'ecession  motion 
(wobble)  accompanied  by  ptessure,  squashes  and  bonds  the  beams 
one  after  the  other. 

3.1  FLAf  BON'D  INC.  SlIRFAt'LS 

The  bonding  surface,  as  rc-p  re  sen  t eil  on  Figui'e  3.1  1 is  flat. 

Ill  is  type  of  tool  is  used  commonly  for  small  chips.  In  this 
jirogi'am,  we  useil  flat  tools  for  the  l-lieam  and  1 (>  lu'am  cliips. 
For  larger  chips,  the  variation  of  distance  between  bonding, 
edge  and  tool  axis  (.luring  the  wobhle  motiijii  becomes  too  large. 
Ihe  corner  beams,  uiion  bonding,  become  squashed  much  more  than 
the  OIK'S  in  t lu'  middle  of  the  si(.les. 


BoxDiNic  si)Ri'Ai:i:s 


3 . 1 

Tlio  i\a\-  to  rciulc'r  the  si|iiashout  more  unil'orm  aianiiul  a lai'.’e, 
beam  leailed  eliip  is  to  use  a eonvex  - I'aeoii  tool  . Mils  ensiiro-.  , 
amour,  otlu'r  things,  that  the  poi'tion  o I'  the  tool  sml'aee  ilo  i iir, 
the  honJiior  (that  is;  exert  in.u  the  pi'essure)  at  aii\’  time  is 
parallel  to  the  substrate. 

a.  a liONt:  ms  ION’S 

We  eompared  the  hoiulinii  results  ol  1 lat  aiul  eonvex  tools  lor 
the  It'  beam  chips  and  lor  the  aa  beam  chii's.  Ihe  averar,e 
squashout  (see  I'i^ure  a . ,S  - 1 ) turiunl  out  to  lu'  less  with  the 

convex  tools. 

Ihen  we  compared  the  indix'ielual  scpiashout  of  the  individual 
beams  arouiul  a aa-beam  chip. 

An  example  ol  the  i nd  i \' i i.]  ua  1 beam  dat.a  is  slu'un  in  I'iitui'o  a. a 1 
Fiiture  .S . - J del'ines  the  I'eam  numberin.u  sequence  called  out  in 
ii'Cure  a.a-1.  For  Fir.ure  a . - 1 , tlie  boiulinr,  paraiiK'ters  emplo\'ed 

diirinp,  the  bondini,’,  operations  were:  to('l  temp  arin‘\’,  substrate 

temperature  bondini;  Force  1,  000  yrams. 
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Noll'  that  i'oi'  t ho  I' 1 ;i  t tool,  tho  oornor  bo.ams  -^ijiiash  moro  than 
t lio  lonlor  iu'ams;  \sli  Mo  t lio  oon\o\  tool  o,  ivos  mo  I'o  H(|iiash  to 


t lio  oonti'r  boams  oom|),irod  to  t lu‘  oornor  hoams. 


Tranrarnr:: 


'^.3  (i:ont  . I ('o.\i:i,i)sio.\'s 

Uc  coiK-liulc  I'rom  these  iiulividual  beam  mea  sii  fciiieii  t < tlial  p lei.  i ■•e , 
uniform  sciuashout  of  lari.’,e  ehijis  is  not  leasible  us  i ni;  t lie 
standard  l‘'  of  wobble  an^le  built  into  the  Kt,S  bonding  equipment. 

1 he  inl'ormation  we  received  t rom  ^1otorola,  during  our  visit  to 
rhoen  i \ , Arizona,  was  that  they  had  modified  their  Kf|S  machine 
to  wobble  angle  and  have  thereby  achieved  much  more  consistent 
squashouts  on  large  chips  (20  beams  oi’  more). 

fell'  the  bonding  on  our  test  substrates,  ue  usrwl  1 lat  tools  lor 
the  1 beam  chips  and  Iti-beam  chi|is,  aiul  convex  totals  lor  the 
a.A  beam  chips  and  the  12-beam  chips. 

a.  I IUMi;.\S10NS 

In  order  to  satisfy  the  bonding  length,  distance  from  bond  to 
chip  aiul  "bugging”  requirements,  it  is  recommeiuled  to  design 
a distance  of  2 . .S  mils  |.()(>1  mm)  between  tool  inside  edt;e  .aiul 
outside  edge  of  the  chip.  In  other  words,  once  the  outside 
dimensions  (incliuJing  tolerance)  of  the  chip  have  been  defined, 
one  should  order  the  bon, ling  tool  with  inside  dimensions  .Hl'!i" 
l.i'lffi  cm)  larger  e.ac''  way. 


.1  S 


siriiox  1 


I r r ii>x  I'u  I I I K 1 \ 


I'h  i s |'ro;;r.iin  i lU' 1 luloil  \ isual  i t i on --  aimoil  iiu''.  tl\'  at  t !io 

:tro^<  dol’octs  (oraoks,  breaks,  ete.l.  Our  main  enphasis  uas 
.1  i ree  t ed  towaial  the  bouils  themselves.  Our  iM’a  1 ua--  to  \erif\’ 
r i t e r i a eurrentlv  used  in  tlie  i ndii  s t r\'  or  to  I's  t al' 1 i sit  lu’u 
a lies  . 

1.1  I’Ki  SI  x'l  ixniiSTKV  rRiriRi\ 

Here  is  a t\[iie,al  set  of  inspection  criteria  usml  in  the  iiuliistr\ 

1.  Hoiuled  betnns  must  show  a del'inite  t oo  1 impression. 

2.  All  beams  must  be  unit’orml\'  bonded  to  the  substrate. 

. Beams  must  show  no  siens  of  crackiiu;. 

1.  There  must  be  no  sharp  ancle  created,  in  the  beam 

either  at  the  bond  or  the  chip  ei-lpe. 

B.  Xo  cracks  or  indentation  in  tiie  nitride  should  touch 
t he  edce  of  the  s i 1 i cini  . 

n . squaslu'd  width  should  be  mori-  than  110','  but  not 
i’.riMter  than  InO'  of  uiuleformed  beam  lead  width. 

t'orrect  al  icnment.  Xi't  more  than  of  the 

undi’ formed  beam  off  boiulina  iwul . 

8.  length  of  Innul  must  lu'  0.001  iiuhes  [ Aim)  or  cheater. 


l.l  U'unt.)  I'Rlsr.Nl  lNl)llSrR\  l R 1 1 1 R I \ 

'.I.  llnhondcv.!  U'lU’.th  !\uist  lu'  O.OOlS  in.  ( MUi  1 or  creator 
I roin  o I'  n i t r i Jo  . 

in.  Ru.uunu’  n.l'Ul  to  in.  I J ii  - "n  ^niii 

I ho  mo-.t  imiiortant  o i'  tlioso  I’aotors  is  t ho  si|u.i<hoiit  o I'  t ho  bo-.iins. 
\ltoi  I'onJinr.,  tho  otiti'r  I'orticoi  o I'  t ho  hoaiii'^  ''hoiilJ  Jispla\  a 
I' I a t t on  i n ativl  i uiJt'nin;.',  oalloJ  sqiiashout,  tJta  rao  t or  i roJ  l'\-  a 
sqnashout  I’aotor  s (soo  I'iquro  1.1  1). 


W = Width  of  the 
■Bonded  Portion 


Nitride 
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Width 
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1 roi’  VlhlV 

0|-  RON’I'i  n HI  AMS 


r i v;  n r o 1.1  J 


Sim  viru 
HilNDI  n HI  \Mh 


uhort'  h = II  . iv|iioal  1 >■ . >\0  usoJ  an  aoooptanoo  ran>;o  i'or  S oi 
1.1  to  1.(1  as  siM’.rt'^  t OvI  h\'  oxiiort^  at  'lotorola  hoin  i (.'on  Jiio  t ors  . 
Ilo\\ovor,  if  a jmsh  tost  liko  INl'll'l  is  to  In'  a|iplioJ  to  thoso 
ho.ams  , wo  rocttmnionJ  th.it  tho  si]n.ishoiit  raneo  ho  narrouoJ  to 
1.1  tii  l.l. 


1.1  ( t'oll  t . ) 


i’Rl  SIM  I XmiS  I'U'i  I'K  I I I K I \ 


In  I'liaptrr  J (Hoiulin>;  I’a  r.imc  t i- rs  ) , vm'  i;  i \ a.'  t lu-  In'iulinv’,  jia  lanu' t a r*- 
v\hicl)  hill  111‘odiici.'  .1  sqiiashoul  lactor  in  t lu-  raiii'.i'  . 

Hosivlos  the  sqiiashont,  tin-  unl'ondc'J  Inru^th  (UMti'i'  H in  l innia' 

1.1  1 1 a a u 1 1 a t lu'  1 oil  n t h of  t ho  hoiiulod  po  r t i o n i 1 o t t o i'  h in 

I ipnia'  l.r  11  aro  important  t'aotors.  In  orJor  to  piauluoo  nropor 
''hnp,j’,  i nu"  (0.001  to  O.Oi'a  inch  or  .OJS  to  .0'"n  mm),  tho  nnlunulod 
lonr.th  H '-hoiiUl  bo  I'.OOl.S  inch  (.(l.SS  mm)  at  loa'^t  from  tho  odi’o 
ot  t lio  nitiitio  apiron,  or  .(U'J  incli  (.0!^0  mm  I from  tho  odito  of 
t lio  'Silicon,  \:h  i i.ho  vi’ r is  smallor. 

\nothor  '<ir;n  dotoctahlo  \isuall\'  is  tho  hnr(v’ i nr, . Aftor  hondinr., 

.1  oil  i p soos  its  hoams  assiimo  tho  shape  i 1 1 ii  a t ra  t od  on  I'ir.nri.'  1.1 
.ind  i raised  above  tho  siilistiaito  b\-  . (O'l  to  .OOA  inch  to 

.0“()  mm).  l ike  for  tho  sqnashout  , tho  l'ucr,in,>:,  if  ohsor\od, 
doo^  lU't  insure  that  tlio  hoiulinq  li.is  boon  pood.  But  t !u'  absence 
o t bnppinp  (like  tlio  absence  of  .sqnashout)  cortainlv  t (.' 1 1 s tliat 
no  bondinp  has  occurred. 

1 . : I’UOdia'l  \iTI\  I I 1 I S 


Xa  wo  i’lannoi.1  to  iiuostipato  tho  otioct  ol  various  boiulinp  para 
motors  (see  fliaiUor  J).  wo  luul  to  porl'orm  \ i su.i  1 moasuromont  - on 
t ho  bond  s . 

lor  ,m  inspector  to  moasuro  lonr.th  ot  a bond,  unbonded  lonr.tli. 
aiul  squ.ishout.  ho  must  lia\ i'  some  scale  jirov  idl'd  with  his  miciu' 
scopi'.  The  most  convenient  place  tor  this  scale  to  bo  is  in  t ho 
ovopioco.  as  a reticle  supo  r i m|Wisod  on  tho  imar.o.  \ (.ommon 
solution  is  ,i  rop.ular  decimal  scale  onablinv,  direct  mea'.urement 
o t leip.'.th,  width,  etc.  lo  measure  sqnashout.  liowever.  it  require 


1 A 


•I  . J ( l!on  t . 1 


i’ko(;ram  A(' 1 1 V 11  1 I S 


scMiii.'  1.' ;i  Ic  II I a t u)ii  rroiii  the  inspector,  namel\’  the  eompiitat  ion  ol 
ni  t 1 os  . 


\ sim]iler  solution  is  represented  by  the  pattern  in  I'iitiire  l.J  I 
(,des  i yned  h>'  Motorola)  uhieh  is  ideal  for  a ,yc'/ no  - s;o  inspeetion 
of  chins  when  all  the  beams  are  of  the  same  i:  i d t h . 


B = minimum  unbonded  U'lU’th 
( e . y . . tUl  I a"  or  . mm  ) 

C = minimum  bond  lenytb 

( e . y . .001"  o r . 0 J S mm ) 

U'j  = width  of  minimum  spua^bout 

IV,  =■  width  of  maximum  sepia  shout 


1-iyure  \.l-\  tiO/NO-GO  TXSl'lAiTlON  rOiM,  I'OR  B1\MS  01-  SAMI'  UllMll 


A pimyram  like  ours  invol\'etl,  howexer,  chips  from  elil’l'ere'nt 
manu  I'a  c t u re  r s aiul  eiesiyn,  with  beams  o I'  different  w i el  t h . lurthe'i' 
more,  we  wanteel  tex  iiu'asure  tbe  sejuasluxut  , se'  we  eleve'lopeel  a 
si'rie<  of  patterns,  one  ex  f which  is  shown  exn  l-iyure-  t.J-f. 
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U.X2.2 

Uxl  . 1 
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«r  V, 

p u Uxl. 2 
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1 I 


1 . J ( C'ont  . ) 


I’ROCRAM  ACT  I I T I i.S 


The  patterns  were  ^enerateti  I'o  r six  l b I \aUies  of  heaiii  width  j 

from  II  = A mils  (.075  mm)  to  1)  = 1 mils  (.1  mm),  and  j^ronped  in  ■ 

a eirole  as  sliown  on  ligui’e  4 . d A . Tlie  oomi’lote  r roup  was  ri'diued 

to  a p,lass  cojiv'*  which,  after  cuttiiu’,,  was  mounted  in  the  e>’c‘[>iece  . 

of  the  microscope.  I'he  final  dimension  of  the  p.attern  was  siuh  ij 

as  to  re[iresent  the  e.xact  dimensions  for  an  object  oluserved  at 
1 0 0 X ma gn i f i c a t i on  . 

Upon  looking  at  a beam,  the  inspector  would  first  turn  to  the 
pattern  with  II  coinciding  with  t!ie  width  of  the  beam.  He  can 
check  B uud  ti  and,  sliding  the  bonded  portion  of  tlie  be.am  between 
the  two  stepjied  scales,  can  read  the  squashout  factor  direct^’ 
in  0.1  increments  of  squashout  ratio. 


I'igure  l.J-A  f .VSPbC  f 1 OX  TOO),  TOR  SIX  (b)  HI  \M  hlDi'llS 


It  is  recommended  to  create  such  a luittern  in  a trans 
parent,  colored  but  not  too  dark  emulsion  like  a di.iro, 
rather  than  on  an  ojiaque  photographic  emulsion. 


foxa.iisio.NS 


1 . 

in  (!hapt(.'i's  J niul  A,  tlio  spiKishout  can  \arv  u'uli'lv  with 

tin. '  hondiiiv;  parametc'rs,  thn  tool  type,  ete.  But  in  the  serii"' 

r chips  we  used  for  our  i rues  t i ya  t 1 on  of  the  hoiul  i ng  ])arameters, 
we  did  not  see  an>’  railure  at  INltlil’l  for  \;ilues  of  siiuashout 
he  1 ow  1.1  to  aho\  e 1 . (i . IVe  have  to  eonelude  that  the  range 
of  siiuashout  ratios  from  1.1  to  1 . (>  is  aeeeritahle. 

However,  if  an  1X1)1. IT  is  to  be  performed  on  the  hoiuled  chips, 
the  upper  limit  of  the  sipiashout  ratio  must  he  hrought  down  to 
about  1.1.  If  the  sipiashout  ratio  is  high,  the  edges  of  the 
beam  meld  into  the  bonding  iKid,  and  the  push  tool  cannot 
gr.ih  the  edge  of  the  beam  to  perform  the  push  test.  Ih  1 s effect 
is  pa  r t 1 cu  1 a r 1 >■  pronounceil  on  thick  film,  to  the  point  where  it 
will  he  vei'v  difficult  to  even  measure  the  squashout  ratio  it' 
it  is  over  l.s.  I'he  edges  of  the  beam  ”.i  i saiipea  r" , nameli'  into 
the  thick  film  conductor  and  become  indistinguishable.  An 
important  inspection  ci'iterion  when  setting-ii]''  a wohhle  bonder, 
especrally  after  each  change  of  bonding  tool,  is  the  uniformit\- 
ot  till'  sipiashout  around  the  chi]i.  It  tr'anslati";  into  t lu'  al  ign 
ment  of  the  tool,  atul  becomes  more  ci'itical  for  larger  chip"-. 

Ihe  Kf|.S  'lodel  wohh  I e - boriil  e r , which  is  tlie  i^orkliorse  of  t lie 

111  I c roe  I ec  t ron  i c s irulustri',  tloes  not,  alas,  ha\e  a provision  for 
■ I I i '’niiien  t of  tlie  tool.  One  lias  to  loosen  the  whole  bondiiu'. 
head  (two  big  alien  screws),  shim  its  liack  for  front  to-hack 
deflection  and  move  it  lateral  l\'  lu'-  hand  for  lett  to  right 
deflection.  It  is  a t i me  - con  sum  i itg  and  f riuT  r.i  t i ri  g,  t r i .i  I and 
t'rroi  ofH'ration.  Wi-  modifieil  our  Kfi.S  bondi'r  bv  ri'placing  tin 
fi\('d  lengtli  front  "itiqu  of  tiie  t i' i nod  w i t li  a \ariable  leiigt'; 

ste. p  tliat  I'an  be  control  I oil  bv  I’ine  thread  screw--.  It  mrule 
fool  .ilignment  much  I'.i-ter  and  easier. 


CONCI.IISIOXS 


( l!ont  . ) 


I'lic  oThc'r  visual  inspection  criteria  mentioneil  abine  make  i;ood 
common  siuise  for  whoever  has  any  expeiience  in  I'ond  i ny  beam 
leaded  chips.  Particularly  important  is  the  minimum  tl  i stance- 
between  the  nitride  apron  and  the  heel  of  the  bond.  Not  on  1 v 
eloes  boiuling  too  close  to  the  niti'iile  present  chances  to  crae'k 
it  and  to  cause  subseciuent  failures,  but  bonding  too  elose  on 
one  silk'  means  bondinjt  too  far  on  the  other  side,  and  t he 
bun, e ini’  of  the  chip  will  be  very  non-uniform,  as  illu--t  rated 
in  hi  nu  re  1 . - 1 . 


f i nu  re  I . s 


NON-U.M  fORM  BlKUll.Nd 


A wi'll  -bonded  chii’  should  be  fairly  [Kirallel  to  the  substrate. 

\ chip,  where  the  ilista-ice  P (see  I'i.nure  l.A  1 ) js  on  oiu-  ^ide 
more  than  twice  what  it  is  on  the  other  idi-,  has  h;id  it--  lu-ams 
undull’  stressed  and  shoukl  be  rejected. 


Al'trr  havini;  ticmded  t 1k'  cliips  on  tin.'  --iili-' t r.i  1 1 . t hr  nc\l 

step  was  to  sulimit  tlic  Imnds  to  \arioU'  1 1."' t s in  nidi-f  to  di't(.'r 
mine  the  horul  inteitrit\'.  lilcctrieal  tc'St-'  were'  proposeil,  hut  >\e 
could  obtain  only  mechanical  sample  chi|)s,  so  no  eU'ctiical  test 
was  possible.  Several  environmental  tests  were  conducted. 

I- i na  1 1 y , a sam[>le  destnictive  pull  test  informed  us  of  the  t ype 
of  failures  encountered. 

5.1  i:\VIRO.\'Mi;\TAL  'flaS'fS 

'fhe  purpose  of  the  environmental  tests  is  to  reproduce,  or  prefei 
ably  exceed,  the  stresses  'he  bonded  beam-  leai.led  cl’.ips  are  I ikel\- 
to  encounter.  The  tests  chosen  are  those  usual  1\'  perl’ormed  on 
)i_vb  r i ds . 7'hese  tests  were  comparable,  and  iji  jjiost  cases  ideiit  i 
cal,  to  those  called  for  in  M 1 1,  - STD-  88  3 . 

bn V 1 ronment a 1 tests  included: 

Temperature  soak 
IMH-d’T^-  ‘ 

Temperature  cycle 
Temperature  shock 
I N’Dld’T 

Mec  ban  i c a 1 v i b ra  t i on 
Median  i cal  shock 
I NDTI’T 

A mechanical  vibration  and  shock  test  was  preferred  over  cent  inn 
ous  acceleration  ( e . . centrifupe)  as  lu'int;  more  stringent  .ind 

beini;  a[iplietl  more  easilv  to  all  axes. 

''INDII’f  is  lndivit.lual  Non  He  s t rue  t i ve  I'lu^h  IT'st.  I Sei'  Sectien  n . 

5 1 


1 


I 


S.  1 . 1 lempe  rat  lire  Soak 

Al'tor  al  1 the  chips  koio  ImukIoiI  , a cent  inuous  l(iS  lionr  soak 
at  1 was  nivcn  to  tho  substrates. 

Alter  temperature  soak,  2Ud  of  the  substrates  of  eacli  liatch  were 
ses^regated  arid  put  aside  in  order  that  they  could  seive  as 
controls,  wliile  the  other  80  » went  through  tlie  otlier  environmental 
stresses.  Ihe  abo\e -ment  i oned  batches  were  as  follows;  The  single' 
layer  substrates  (type  0 through  \ inclusivel  were  in  batches  of 
1 -S  (.8  controls  plus  12  to  test)  and  the  multilayer  substrates 
were  in  batches  of  30  controls  plus  2-1  to  test). 

5.1.2  femperat lire  Cycling 

Ibis  test  consisted  o 1'  15  cycles,  in  dry  air,  from  -SS^C  to  +12S*^\', 
per  M 1 h- S'l'D-  883  , Method  10  10.1,  test  condition  R. 

The  substrates  were  laid  flat  on  an  aluminum  ti'.iy  (with  b”  high 
edges  to  avoid  them  being  blown  about  by  the  fan)  and  placed  in  a 
iK'lta  Resign  Moelel  8000  CD  temiirature  chamber.  This  machine 
has  tiMi  chambers,  with  a carriage  that  goes  from  one  to  the 
other  in  less  than  five  (,S)  seconds.  The  air  is  circulated 
in  each  chamtier  by  a fan.  The  hot  chamber  is  heated  e 1 ec  t r i ca  1 1 , 

while  the  cold  chamber  is  cooled  by  drv  liquid  nitrogen.  The 
cycling  was  always  started  and  endoil  in  the  hot  cluimbc'r. 

5.1.3  Thennal  Shock 

Ihe  ne.xt  test  was  a tliermal  shock  according  to  Mil,  SlD-  883  \, 

Method  10  11.1  Condition  B (15  c\'cles  between  -5S'^  .and  1 25*\' ! . 

Ihe  hot  licpiid  used  was  FC13;  the  cohl  litpiid  w.is  ICS,  co('U'd 
with  dry  ice. 
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sea  sea  leoo  iiee 

BE«fl  LE«D  TEST  SUBSTRATES 


[ i u u I'  E'  r>  . 1 . 1 n R (M ' 1 1)  l\  1 * R 


igurc'  .1 


\a'l  1.1  R.\  r U'IN 
\ . 11  'll-  (IR AIM 


Cl. OHM,  IMIl.l  n.Rl 


riic  'global  pull  t c.';  t [H'c  i t' i e'  in  ^l  1 1 Sll'  SS.t,  ''R- t !uh1  Ji'll. 
lest  toiKlition.<  0 aiul  II,  pfovitk'.s  lui  1 ii  iM'i  niu  t i on  about  ,-inv  of 
t b o i nJ  i V i eIiki  I bo ikI  , but  p ro \ i eU'.'^  on  I 1 a t i .s  t i e' a 1 1 n lO  rma  1 1 iin 

about  the  ,-<utii  si  f tht'  botiEl.-s.  .\oro  f t lu- 1 o.<  ^ , s;  I s'ba  I nu  1 1 !s"-t'> 
uoi'E-  porfoniiOEl  sui  this  prouiaim  in  oi'eIo?'  to  pathor  Elata  that 
oan  bo  osimtia  fE's!  on  ;i  sitio  tsi-ono  basis  i\  i t h traElitional  luill 


S . 1 . 1 iHir  Motiuul 

A nuK'h  moi'c  pract  i c a 1 au'thod  uas  I'ouiul  to  ho  tlu  of  a 

loop  or  a liook  peiaiianen  t 1 on  oaoh  ohin  i.lc"^tinotl  to  ho  pulloil. 

rho  oomont  to  I’m.'  u'^od  IkuI  to  ho  iiiuoli  stroiiMor  than  \’inyl 
aootato.  It  had  to  ho  t'isoou.'^  onouuh  to  sta\-  on  top  of  tho 
oliip  and  not  oreoji  undoi’iioath.  Wo  found  tlio  opoxy  \hlostik 
- 1 to  fill  tho  hill. 

\\liate\or  tlio  motliod  u.'^i.'d,  the  hook  or  loop  has  to  ho  ailaptod  in 
size  to  the  ohip  to  he  pullei.1.  On  our  suhstiaites,  chips  of  four 
( I ) different  sizes  are  iiuiuntei.1.  ilei’e  are  the  solut  ions  adopt(,'ti 

for  the  smallest  chips  (20  x 20  mils),  a soft  aluminum  wire, 

S mils  in  diameter,  uas  uound  arotini.1  a steel  mandrel  1 !•  mil  ; 
in  iliameter.  fhe  resulting,  coil  uas  cut  into  loops  of  a little 
more  than  one  turn  each.  Ihese  1 oojis  were  y.luei.1  onto  tlie  chips 
with  Ahlestik  dOa-l  (epoxy)  as  shown  in  iiyure  .s . 2 . 2 • 1 . 


Al-wire  looji 


Adhe  s i re 


Ch  i p 


Substrate 


i gu  ri'  .S  . 2 . 2 


for  the  l(i-heam  chi[)s,  which  measurt'  1 ('  x 10  mil  .,  ue  shapi'd  ko 
var  ”nails"(the  nail-lu'ad  is  l(i  mils  diameter)  into  liooks  and  \’.luo 
them  on  the  chit''^  ilirc'ctlx-  with  the  same  adhesive  (Ahlestik  t 1) 


S.2.J  (L'.ont  . I Our  Method 

l-oi’  tlie  larger  chips  (85  x ‘.>5  mils,  55  beams,  and  lha  x 1 15  mi 
42  beams),  previous  c.xperienee  had  taught  us  that  a Ul-mil 
diameter  hook  pulling  on  center  would  often  break  the  chip 
without  pulling  the  beams.  IVe  therefore  manu  f ac  t u i-ed  (by 
photoetching)  brass  chips  HO  mils  x IH)  mils  x in  mils,  which 
we  soldered  to  the  nail  head  of  the  hooks.  The  hooks  with  the 
l'»’'ass  chips  were  then  glued  onto  the  beam -leaded  chips,  as 
shown  on  Figure  5.  2. 2- 2. 
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Figure  5 . 2 . 2 - 2 


For  all  the  chips  with  hooks,  the  pulling  instiuiment  was  an 
Instron  pul  I -tester.  The  most  sensitive  scale  of  the  load 
cell  was  used,  wliich  a[iplied  to  an  ampl  i f i er/ recorJe-r  swstcnii 
gave  us  a ShO  g force  full  scaU-  (or  app»  rox  i ma  t e 1 y 5 \ewt(Ui 
For  the'  small  chips  (with  loops),  the  pulling  instrumetit  was 
a modification  of  our  inish  tester  (see  Ghaiiter  (i  ) . as  stiown 


A = Si  1 icon  to  beam 
B = Beam  broken  at  the  end  of  silicon 

C = Beam  broken 

0 = Beam  broken  at  bond  heel 

E = TC  bond  broken 

F = TC  bond  and  metallization  pulled 
off  substrate 
0 = Silicon  broken 


i'  i itu  r e S .3-1  FAILURE  MODES 

Tho  on  1 V true  Iniiul  failure  is  failure  f.  In  lieuro  3.3 

we  have  iilottei.l  the  pereentaoe  of  tvpe  V failui-es  after  hestr 
pull  test  for  three  typical  con  i‘ i yu  ra  t i ons  of  suhstiates.  fh 
statistic  makes  one  fact  apjiear  clearly:  fU  hoiuliny  o 1'  beam 

leaded  chips  on  thick  film  Just  d^'>e^  not  yite  the  weld  like 

bond  obtained  on  |iure  thin  film  yold.  llowevei',  ahr:i<iiui  i' f 

the  thick  I'ilm  sui'I'ace  Just  before  bonding  im|irov(u:  the 
i|ua  1 it  >•  o f t he  bond  ' 

To  expand  on  the  facts  leading  to  these  conclusions,  ue  h;i\e 
thcsi’ed  the  results  of  oui'  extensive  stiuh'  on  I'iy.uie  3.3  3. 
This  yraph  shows  the  results  of  the  push  tests'  1 \P1  I'f  ne  i- 

formed  on  lari;e  s:imples  o t'  each  batch  of  test  suhstiates  as  t 

underwent  environmental  testing. 

‘ Point  t'  in  I'iyure  3.3  d could  have  been  lower  if  a more 
consisttMit  abr.ision  metluHl  had  been  used. 

^"'INnTPl  at  ,1  force  levt-l  o !'  13  yra'hs. 


3.3  Uiont  . ) COXU, IIS  IONS 


Beam-lead  failure  mode 
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5.3  fCont.)  CONCLUSIONS 


On  l'i,i;ure  5.3-3,  the  ordinate  represents  the  ne  rcen  t a j;e  of  good 
bonds  observed  at  I NDHPI'^  ‘ , while  the  abscissa  locates  tlie 
various  t\'pes  and  sub-types  of  substrates. 

One  can  see  that  nionola\’er  t li  i c k - f i 1 in  substrates  nrinted  with 
t'ritless  gold  paste  (Type  1)  or  1 ow  - f r i t gold  jiaste  (Type  d 
and  4)  can  leail  tt)  a bonding  reliabilit\'  comparable  to  thin  f i I "i . 
The  high  frit  gold  (T\’iie  3)  is  not  so  gooi.1.  As  tc5  the  multila\-er 
substrates,  they  lead  to  increasingly  worse  bonding  reliabilitv 
as  their  comnlexity  increases,  if  nothing  is  done  t ('  their  sur 
face.  Lor  substrate  T\'pe  S and  9 with  untreated  sui'fac(',  there 
were  100?,  failures  even  before  the  first  test  (points  not 

plotted  on  Figure  5.3-3). 

I'he  bonding  reliability  becomes  drasticall\’  better  if  the  thick 
film  substrate  is  ab  luided^- ‘ i us  t befoi'e  bonding.  Sul'st  rates 
Type  8 and  0 were  treateil  that  wa>'  and  displa\'ed  a hotter  bonding, 
reliabilit\’  than  an\’  other  multila>'ei'  thick  i' i 1 m substnite. 

Ihe  failures  observed  were  so  few  that  no  influence  of  the 
lines  underneath  the  toji  layer  couUl  he  obsert'ed. 

Ke  recommend,  therefore,  to  abnule  the  surface  of  an\-  thick  film 
c 1 rcu  i t where  bonding  of  beam  - 1 e ade,.!  chips  is  to  be  done, 
llu're  seems  to  be  no  problem  in  running  lines  uiulenieath  t lu- 
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S!:('T!ON  (1 

BO\n  1 i;S'l  I NC  (INDIVIDUAL  BIAMSI 


The  fahrieation  of  reliahilitv  hybriiis  usiny  lieain- 1 eaileil 

ehi|is  needs  a non  - des  t rue  t i ve  method  for  bond  testiiK,  since 
destructive  testing  of  sample  bonds  gives  only  statistical 
probability  information. 

At  tiic  beginning  of  this  program,  there  was  no  coiiimonl>'  acceptcil 
method  of  performing  non - des t rue t i ve  bond  testing  of  beam-leaded 
chips.  This  contract  asked  us  to  explore  methods  of  doing  non- 
destructive bond  testing  of  beam-leaded  chips. 

b.l  ALTTRNATl  Vf.  CONi:  Ll'TS  FOR  I ND  I V 1 DUAL  Hi  AM  DilSIl  TTSTINC 

I'he  first  attempt  was  to  miniaturize  tlie  global  pull  test 
(described  in  M 1 L - .STD- 88 .3 , Method  2')l!  nnd  atiant  it  to  single 
beam  pulling,  as  explained  in  Figure  (i.l-l.  Ibis  method 

proved  unsuccess  ful  . fhe  very  small  bonded  surface  of  a lu'am 
less  than  10*^  in.'-  (.OlHi.S  mm'^)  Just  does  not  a 1 1 o\%  sufficient 
surface  area  for  the  adhesive.  Also  the  adhesive  material,  ulien 
softened,  could  not  be  contained  within  this  small  area.  It 
spread  to  adjacent  beams. 

I'he  second  method  (push  testing  of  individual  bonds)  gave  U'^,  at 
the  outset,  enough  hope  to  Justifx’  nutting  an  important  part  of 
the  I'esources  of  this  program  into  its  development. 

Let  os  first  state  the  (iroblem  of  i nd  i v i dua  I I v push  testing 
boiuhul  iH'ams . A beam  is  a plated  golil  ribbon  of  about  0 . S mil 
{.01.1  mm)  thickness  before  boiuling.  After  bonding.,  di'nending, 
upon  the  bonding  forci'  and  the  hardness  of  the  substrate  mounting 
(■lad,  the  bonded  ribbon  pi'otrudes  by  D . 1 mil  (.01  mm)  <ir  less 

('  I 


(1 . I (Cont  . ) 


AI.  I I RNATIVi:  CON'Clil’  TS  [■OR  I \l)  I V I nilAI,  HliAM 
I’usii  ir.sriN'd 


(down  to  noro)  nliovo  the  suri'aco  of  tlie  mounting  pad.  In  ordc'r 
to  push  tho  bonded  portion  of  sueli  a beam,  one  has  to  "catcb" 
tlie  eilge  of  the  beam  wbieli  is  0.2  (.OO.S  mm)  to  O.l  mil  (.01  mm) 
high.  This  reciuires  a very  sharp  tool.  However  a sharp  tool 
might  dig  into  the  gold. 

().:  succiissiHii.  1 Ni) I V 1 niiAi,  bt.am  inisii  ttst  l•IXTllRl•: 

After  c-Ktensive  c.Kpcr  imcntat  ion , we  settled  on  the  eonfiguration 
shown  in  Tigurc  6.2-1.  A tool  of  very  hard  materi.il  is  shapeil 
to  a very  sharp  edge  (R  typically  is  1 to  2 microinches  f.02.s  to 
.O.S  uml  . In  order  to  catch  the  edge  of  the  beam,  we  have  found 
the  optimum  angle  o<.  to  be  about  2!i^\  I'o  avoid  digging  into  the 
gold,  angle  ^ should  be  appro.x  imate  1 y ^ = 0 will  cause  the 

tool  to  slide  over  the  edge  of  the  beam, 
beam . 

The  material  of  the  tool  lias  to  be  verv  hard  in  order  to  keeji  its 
sharp  edge.  A stainless  steel  tool  was  Irietl  first.  It  lasted 
for  about  four  tests.  Its  sharp  etlge  became  too  dull  to  catch 
the  edge  of  the  beam.  A stellite  steel  tool  lasted  for  almut  rni 
tests.  Sapphire  was  found  to  last  for  several  thousands  of  tests 
between  sharpenings.  It  is  relatively  easy  to  re-sharpen.  1 he 
materials  used  were  sapphire  record  engraving  tools.  Theii- 
original  sha|ie  is  shown  on  Tigiire  6.2-2.  The  original  sh.ipe 
was  ground  and  polished  to  several  different  c on f i gu ra t i on ^ , 
none  of  which  was  satisfactory. 
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Figure  6.2-3  SUCCESSFUL  TIP  CONF ICURAT I0\' 


The  shaft  of  the  sapphire  tip  was  mounted  to  an  arm 

at  23^^  (ani’le  oc  in  Figure’  (i . 2 1 ).  Figure  ('.2  I 
a ^ semli  1 v . 
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I igure  (1.2-1 


SAI'I’II  I Rli  ill’  MOIlN'i'in  0\  ARM 


( cloil  t . ) 


sii(.:ci:ss['(fi,  [\di\' muial  bi:am  i’iisii  ti;st  I'lxiiiRii 


f) . 


Bosi(.ios  the  ptO[)er  shape  and  anules  of  the  too!  , an  i mpo  i' t an  t 
laetor  in  pre^i'iit  i rn;  the  tool  I roiii  "dii;p,iiu;  in"  is  tliat  tiie 
\ertieal  loree  ( !■  in  I inure  (> . d - 1 ) lie  limited  to  less  tlian 
1 nrams.  The  lioriiontal  push  foree  (P)  is  the  test  foree  that 
must  l>e  measured. 

the  assembly  of  tip  and  arm  (shown  in  l-i^ure  is  mounted 

tui  the  shaft  of  a foree  sensor  (Statliam  Uf.A  load  eell  ).  Tite 
foree  sensor  etiosen  was  seleeted  heeause  of  its  sens  i t i v i t >■ , 
linearity  and  small  d i spl aeement . This  last  faetor  is  import 
ant  if  the  nush  test  is  to  be  truly  non  - iles  t I'ue  t i ve  . IVith  the 
load  eell  built  into  this  instrument,  if  a failure  oeeurs  with  a 
IS  y push,  the  motion  of  the  tool  is  only  about  J mils  (=  .dSO  mm). 
This  generally  does  not  damage  the  beam,  whieh  ean  be  bent  baek 
in  plaee  and  re-bonded.  Tl'e  load  eell  is  mounted  on  ,i  frame 
.ind  is  counter  balanced  so  that  while  tlie  sapphire  tip  is  free 
to  move  in  the  v'ertieal  direction,  the  maximum  ftrree  "I"  will 
be  less  than  2 grams. 

lire  output  of  tlie  load  eell  is  amplified,  then  fed  into  a strip 
chart  recorder.  An  adjustable  level  discriminator  circuit  was 
installed.  I'ii  i s circuit,  after  being  ca  1 i b ra  toil , turns  on  a 
1 ight  when  the  desired  push  force  is  reache<). 

A llugle  ultrasonic  wire  bonder'  was  riiodified  to  accept  the 
•rbovi'  describe!.!  fixture  in  place  of  the  bonding  head.  Ihe 
cap.'ihilrtv  for  pantograph  manipulation  ol  tire  substrate  was 
retained;  thus  providing  for  excellent  x,  y and  rotary  positioning 
of  the  bonded  beams.  The  switch  actuated  motor  drive  was  also 
retained  in  order  to  provide  for  controlled  vertical  movement  of 
the  sapphire  tip. 

The  following  are  photographs  of  the  comnlcted  fixture. 
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INDtii’T  ON  THIN  I-ILM  SUBSTRATITS 


Ctiips  mounted  on  tliin  film  substrates  usually  pi'esent  t lie  easiest 
case  for  push  testing.  '['he  thin  film  gold,  built  up  liy  plating, 
is  v'ery  compact  and  rather  hard.  So,  upon  bonding,  the  beams 
don't  embed  themselv'es  in  the  gold  of  the  pads.  I'isuaily,  ('ven 
for  squashout  factors  of  two  (2)  or  more,  the  edges  of  the  beam 
are  quite  distinct  and  sharp.  And  with  a squashout  factor  of 
1.1  to  l.b,  the  beam  presents  a good  edge  for  INDTl’T  pushing  from 
the  end  (Figure  6.3-1]  which  is  the  preferred  direction. 


Tool  Pushing  Tool 


1 igurc  6..3-1  TOOL  PUSH  POSITIONS 


If  the  end  of  the  bond  is  not  accessible,  the  bond  can  be  pushed 
from  the  side.  However,  pushing  from  tlie  side  reipiires  additional 
caut i on . 


h-8 


lN’!)i;i>'l  ON  THICK  FILM  MONOLAYF.R  SlIBSTRATliS 


b . 4 

The  chips  mounted  on  thick  film  substrates  can  he  more  difficult 
lor  INDFRi  unless  the  design  of  the  circuit  layout  takes  the  push 
test  into  account.  I'hc  thick  film  gold,  after  firing,  is  tliicker, 
softer  and  much  more  porous  than  the  thin  film  gold.  The  beams, 
upon  bonding,  can  become  embedded  in  the  thick  film  gold  to  the 
point  where  it  is  e.xtremely  difficult  to  sec  where  the  beam  eiuls. 
ihe  end  of  the  beam  is  usually  embedded.  ihcrcfore,  ]iush  testing, 
from  the  side  is  the  only  way  for  chips  mounted  on  thick  film. 

If  the  pad  is  much  wider  than  the  beam,  we  have  the  situation 
shown  in  Figure  b.4-1,  where  no  push  test  is  possible. 

If  the  pad  is  a narrow  line  (which  it  must  be  for  a chip  of  more 
than  four  (4)  beams)  not  much  wider  than  the  beam,  then  't  assumes 
a sem i cy 1 i nd r ica 1 cross-section  after  firing  (Figure  o . 1 - 2 ) . 

.Alter  bonding,  at  least  one  of  the  edges  of  the  beam  will  si  ightl\ 
protrude  and  be  accessible  for  pushing  from  the  side. 


Before  bonding  After  bonding 


Figure  t> . 4 - 1 CROS.S -.SHCT 1 ON  VIIiK  OF  KIl'l  lIllCK  FILM  l^(>^:l'l\(;  I’M) 
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0.4  ( (.'on  t . ) 


INDliPl'  ON  rillt:K  1-lI.M  mo\oi,avi:r  siihstuati.s 


Thick  film  metallisation. 
Note  semicyl indr ical  shape 


Beams  are  typically  imbedded 
on  only  one  side 


Edge  accessi- 
ble for  push 
test ing 


Before  bonding 


After  bonding 


f'igure  0.4-2  CRO.SS- Si:i;T  ION  VilAV  OF  STANDARH- W I Mill  I'llICK 
F’ll.M  MOUNT  1 NO  PAM 

0..T  INMF.PT  ON  Mill  ri -LAYER  111  10  K FILM  SUB.STRAT!  S 

What  was  said  of  the  push  testing  of  the  beams  on  monolaver  thick 
film  applies  to  multilayer  also.  In  no  case  did  we  find  the 
wariness  of  the  top  surface  to  interfere  with  the  side  push  test. 

0.0  INDLPT  FOROF  DETERMINATION 


In  the  destructive  pull  test,  the  most  stringent  criterion  tor 
good  bond  is  that  the  bonded  portion  of  the  beam  must  rem.i  i n 
attaclied  to  the  substrate  when  the  chip  is  pulled  awav.  Such  a 
a criterion  insures  that  the  bond  to  the  substrate  is  not  the 
weakest  link  in  the  chain  of  possible  failuie  point'^.  W'e  attcnu)ted 
to  determine  a force  level  that  would  correlate  our  indixidual 
beam  push  techniques  to  this  most  stringent  criteria  in  the 
destructive  global  pull  test.  The  concept  followed  was  that 
if  we  could  know  tlve  INDEPT  force  level  of  the  bonds  and  if  we 
could  then  show  a liigh  correlation  between  that  force  level  and 
tlie  stringent  criterion,  then  that  force  level  could  be  '^ubsli 
tilted  as  the  criterion  for  Judging  the  bonds. 


() . C)  ( l^ont  . ) 


iNoi'i'T  l■■0Rc:l•;  niniiRMixATit'ix 


IVc  proceeded  as  follows:  IVe  arbitiarily  chose  la  gianiis  as  the 

level  of  our  push  test.  After  many  attempts,  we  succeeiled  in 
creating  bonds  on  thin  film  that  were  marginal  at  the  l.s-gi'am 
test.  The  marginal  condition  was  Judged  by  the  fact  that  .ad'  o i' 
the  bonds  (all  made  with  the  same  parameters)  faileil  at  IS  ur.ams 
IXni'P'l'.  Those  that  passed  the  IS  grams  were  then  laulled  b\-  the 
chip  until  failure.  I?"  of  these  beams  showed  bond  fa i 1 u la  . 

Xe.xt  we  chose  2S  grams  as  the  level  of  push  test,  and  created 
bonds  which  were  marginal  at  the  25-grain  test.  Those  that  passed 
the  25-gram  test  were  then  pulled  to  failure.  12. SI,  displa\ed 
bond  failure.  figure  6.6- 1 is  a graph  of  the  percentage  of  bond 
failures  as  a function  of  the  force  passed  at  IXUi'Pf.  A simjilistic 
e,\  t rape  1 a t ion  seems  to  indicate  that  an  IXDT.PT  with  a force  of 
.50  grams  would  insure  a high  corre  1 at  ion  w i th  the  destrvictive 
pull  test.  However,  the  practical  e.xperience  we  have  gathered 
told  us  that  30  grams  is  too  high  a force  for  a truly  non-destruc 
tive  pull  test,  liven  25  grams  push  did  permanent  damage  to  some 
beams  (even  though  the  beams  did  not  fail). 
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F i gure  6 .0-1 
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CONCLUSIONS 


0 . 

Over  5,000  beams  were  tested  diirinj’  this  program  at  a 15-gram 
INDLI’l'  force  level.  It  was  seen  that  this  level  was  adeciuatt- 
for  detecting  the  weak  bonds,  without  damaging  the  good  ones. 

The  test  criteria  mentioned  under  b . 5 , whicli  says  that  the  bond 
should  not  be  the  weakest  link  of  tlie  connection,  is  arbitrarv. 
But  if  we  look  at  M I 1.  - STD-88.5,  Method  2011.1,  Conditions  C ami  II, 
we  see  tliat  the  bonds  do  not  have  to  l ema  i n aftei’  de s t imc t i \’c 
pull  test,  but  only  have  to  satisfy  a minimum  I'orce  recpi  i reiiuui  t 
of  .50  grams  per  millimeter  of  total  width  of  tlie  beam.  This 
translates  into  2.5-gram  force  for  every  standard  5 mil  wide 
be  am . 

l.N'nT.f’T  can  be  more  directly  related  to  tlie  test  criteria  aipil  i ed 
to  F-'lip  Chips:  M 1 1.  - .STD-  8 8 5.-\ , Method  2011.1,  Coiul  i t i on  T.  Ihere, 
a shear  force  is  applied  and  has  to  lie  at  least  5 gi'ams  per  bump 
at  rupture.  The  arbitrary  15-gram  INDLI’T  is  mo  re  stringent. 

If  a failure  occurs  at  INDliPT,  the  displacement  of  the  tool  at 
15-gram  force  is  so  small  2 mils  = 0.05  mm)  that  the  beam 

can  be  pushed  back  in  place  without  damage  and  can  be  re-bomk'd. 
Because  it  is  non -des  t rue  t i ve , it  can  be  applied  to_  the  delivuM'a- 
h le  units  instead  of  only  to  sample  lots.  Therefore,  it  goes 

fui'ther  than  the  Mll.-STU  tests  to  insure  reliabilit_y of  the 

d_t^l  j y e ra b [c h y b r i d s . 

(1.8  SlIGCliSTlONS  FOR  FURTllFR  nhVFLOPMF.NTS 

The  work  performeii  during  this  progi'am  indicates  that  INPIPI  is 
a viable  way  of  test  i ng  the  bonds  of  Beam-Leaded  Chips.  it  is 
still  crude,  however,  and  efforts  should  be  spent  to  improve  it 
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t' . S ( lion  t . ) 


SlICCIiSTlONS  F'OR  I'liRTlII-.R  l)i;VI  LORMIA'TS 


i n t he  t o 1 1 ov\  i uj;  d i ree  t i on  s : 

A)  lAiiitiiuie  the  work  outlined  under  0 . S and  i'niirove  tlie 

leasil''il  ity  oi  IN'lH'd’T  at  forces  greater  tlian  la  <; ranis. 

H)  improve  the  "machinery”  and  develop  a precise  aiul  non -human 
dependent  force  limitation  device. 

dl  l:\pand  the  scope  of  l.\l)i:l’r  to  be  a|i|)licahle  to  t apc' -ca  rr  i er 
mounteil  chips  (outside  and  inside  bonds]  and  flvim; 
u i re  bonds . 


It  must  he  noted  that,  while  an  ordinary  wirehoiul  pull  test 
stresses  both*  bonds  of  a wlrcbond  connection,  INPll’l  stresses 
each  bond  individually,  and  would  not  stress  the  wire  or  beam. 


* not  necessarily  with  the  same  force 
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ni'.SUA'  ClIIDIiUM  s 


Hi'siy’.n  jiuulelinos  Tor  beam  - 1 c;uicd  eliii)S  on  t li  i n and  thick  lilm 
sidistrates  are  covered  in  Volume  !1  of  this  report,  Section  . n . 1 . 

\ I'eu  special  design  rules  are  to  be  added,  houever,  if  one 
intt'ni,ls  to  iK'rl'orrn  on  the  I'londed  chi]is  a non  - des  t rue  t i ve  pusli 
test  (INDM’T)  like  described  under  Section  ('  (Volume  II). 

If  th('  substrate  metallization  is  thin  film,  no  spc'cial  layout 
precaution  is  needed,  because  the  beam  does  not  embed  itsell’  in 
the  metal  pad. 

7.1  Dhsic.N  inn.Hs  WITH  riiiCK  i-ii.v  suhsiraths 

il'  the  me  t a i I i la  t i on  is  thick  film,  one  should  ol^ser\e  the 
I'o  1 I ow  i nit  fi*  1 es  : 

1)  The  conductor  pads  where  tlie  beams  .are  t(’i  be  bonded 
should  not  be  much  wider  than  the  lieam  ( p.ad  widtli 
maximum  .s  mils  (0.12S  mm)  if  beam  is  .7  to  7 . .7  mils 
vvide  (.07.7  to  .09  mm)).  I'iiture  ".1-1  exjtlains  it. 

Thick  film  metallization.  Reams  are  typically  imbedded 

Note  semicyl i ndrical  shape  on  only  one  side 
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1 


( run  t . I 


m;si(ix  Ri'i.rs  urm  duck  mi.m  subsirmis 


\ n.irroK  tliick  I' i 1 iii  |kk1  takes,  after  I' i i' i lu’. , a 
I 1 i lul  r i ea  1 e ro  s s s c-e  t i on  , like  mulei'  \ 

(!ii;iii'e  ’’.I  1).  Hi  i e k film  beini;  poroii>  aiul 

--lione,\-,  it  takes,  after  hondinj;,  the  shape  shot,  lied 
tmJer  B.  If  the  [lad  is  narrow  enoiiph  , one  |or 
both  I c'di;e  of  the  beam  will  In'  aeeessihle'  f o r 
pusli  test  i ipst . 

Ihe  eon  f i itu  I'a  t i on  of  the  tliiek  film  jrads  aroun^l 
a eh  ip  has  to  take  in  aeeoiint  the  tool  usei.1  to 
I'erform  the  jnish  test.  Ibis  is  explained  in  I ipiire 
".1.1.  In  A;  no  push  test  Is  possihle,  In-'eau-f 
the  tool  is  uider  than  the  leni;t!i  of  the  pad  portion 
v'omprised  hetueen  the  heel  of  tlio  beam  and  the  first 
bend  of  the  i>ad  . file  tool  u i 1 1 rest  on  the  shoulder 
•s  of  the  inad  bend. 

In  ease  B,  the  straialit  portion  of  the  pa>l  is 
lon,U(.'r  than  the  inish  tool  is  u i de  , an  1 a push 
t e s t i s jH'S  s i b 1 e . 

IheiH'fore;  tlu'  portion  of  the  pad  extendiiist  straiidi 
from  I lu'  r'hip  should  be  loni'.i'r  ( if  o'n  the  heel  of  the 
beam)  than  the  jiush  tool  (for  INHId’ll  i--  uide. 
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